Introduction
In Hong Kong, more than 12,000 students are enrolled to the universities each year. A large number of them participate in the orientation programs organised by the universities, residential halls and departments. However, many of these programs involve strenuous exercises and yet not being closely supervised by recognised trainers. In addition, many of these students are unaccustomed to heavy exercises. Still they may have to complete such tasks under peer pressure and sometimes in adverse environmental conditions. This makes them prone to develop exercise-induced rhabdomyolysis.
Exercise-induced or exertional rhabdomyolysis (ER) is characterised by the elevation of creatine kinase (CK) level and the presence of myoglobinuria after strenuous exercise. Patients usually suffer from severe muscle pain or fatigue. Although uncommon, acute renal failure can develop as complication of ER. Risk factors for development of acute renal failure include hot weather and eccentric exercise. The hallmark symptoms of rhabdomyolysis including myalgia and muscle weakness are non-specific. Most patients may attribute their symptoms to the heavy exercise instead of a medical condition. In addition the occurrence of myoglobinuria may be present only transiently. As a result ER is often overlooked or under-diagnosed; and appropriate treatment cannot be given timely. We describe three cases of exercise-induced rhabdomyolysis in college students diagnosed in the accident & emergency (A&E) department. All of them presented with non-specific symptoms. The initial levels of creatine kinase were alarmingly high. They responded well to supportive care in emergency medicine ward without developing serious complications ( Table 1 ).
The true occurrence of exercise-induced rhabdomyolysis is likely to be underestimated and in view of the possibility of complications, this could post a significant health concern for those newly enrolled university students.
Case 1
A 19 years old male university student, presented to the A&E department for muscle weakness and syncope in an early morning. He enjoyed good past health and played soccer weekly. He was participating in the orientation camp and was required to perform various physical activities. Two hours before his consultation, he participated in a group jogging of around 10 km which took him one and a half hour to complete. Around 300 ml of water was consumed. He experienced malaise in the run and got exhausted. He also participated in cheer-training for 4-5 hours one day ago. Ambient temperature was 28 degree Celsius; humidity was 83%.
On presentation to the A&E department, he was fully conscious and sweaty. His initial vital signs showed widened pulse pressure of 107/38, tachycardia at 162 beat per minute, body temperature at 38 degree Celsius. Urine sample showed a dark-coloured specimen which was strongly positive (4+) for red blood cells by multistix test.
One liter of normal saline was given at full rate. His vitals improved over the next few hours of treatment. The initial blood tests showed elevated creatine kinase (CK) level at 895 U/L (65-355 U/L) and impaired renal function with creatinine at 197 umol/L (67-109 umol/L) and urea at 7.6 mmol/L (2.5-6.3 mmol/L). Electrolytes, liver function test, complete blood picture and clotting profile were normal. Urine myoglobin was found to be weakly positive.
The patient was admitted to the emergency medicine ward for monitoring and further treatment. Renal function and CK level repeated 6 hours later showed that creatinine came down to 115 umol/L and urea to 6.5 mmol/L. However, the CK level was found to be >60,000 U/L. Normal saline and sodium bicarbonate were given to patient with close monitoring of his fluid balance. The peak CK level reached 192,024 U/L on day 3. Renal function test was normalised. Liver function test showed mild derangement on day 2 with AST at 1648 U/L (15-38 U/L) and ALT at 306 U/L (8-58 U/L); and was improving from day 3 onward. Clinical symptoms of dizziness last for 4 hours after presentation and muscle weakness lasted for 3 days. The patient stayed in hospital for 5 days and the CK level was 114,378 U/L on discharge. Follow-up was arranged two days later with CK level at 46209 U/L. Follow-up two weeks later showed CK level down to 2565 and normalised liver function.
Case 2
A 19 years old male, university student, was participating in the same orientation camp with his hall-mate (case 1). He presented to the A&E department for dizziness and 
Case 3
An 18 years old female, university student, was participating in another orientation camp. She presented to the A&E department for painful swelling of both upper limbs. She performed strenuous exercise including push-up for 50 times and squat-thrust for 100 times one week before presentation. She noted painful swelling of both upper limbs and darkened urine 4 days later. She was stable on presentation. Vital signs were normal. Examination showed tender swollen upper limbs bilaterally. There was no distal neurovascular deficit. Bedside urine test showed strongly positive red blood cell (4+) from a normal looking yellowish urine sample. Blood samples were taken and sent for complete blood picture, liver and renal function and CK level. All blood tests were normal except elevation of CK level to 6565 U/L. She was admitted to the emergency medicine ward for further treatment and was discharged home the next day with CK level down to 3286 U/L. Follow-up CK level on day one after discharge was 1000 U/L and day 12 was 200 U/L.
Discussion
Exercise-induced or exertional rhabdomyolysis (ER) has been well described. 1, 2 It is diagnosed by the elevation of creatine kinase (CK) level of more than 5 times upper limit of normal 3 and the presence of myoglobinuria after strenuous exercise. It is seen in both trained and untrained athletes. 4, 5 One of the most serious complications is acute renal failure due to acute tubular necrosis. The incidence was estimated to be 17-40%. [6] [7] [8] The hallmark symptoms of myalgia and muscle weakness are non-specific; and darkened urine may not be present early. This posts a diagnostic challenge for the emergency physician.
Unaccustomed, strenuous, prolonged and repetitive exercises are common risk factors. It is also associated with hot and humid climate. Exercising in hot environment increases the risk of ER through dehydration and increased activity of heat-sensitive degradative enzymes. 9, 10 The orientation camps of the universities in Hong Kong usually begin in August when the ambient temperature and humidity are the highest in the year. Students participating in the orientation camps are often required to perform various strenuous and prolonged exercises; with many of them are unaccustomed. Therefore, many university students are prone to the development of ER. We postulate that the prevalence of ER should be much higher than previously thought.
Classic presentation of ER includes muscle pain, elevated CK level and brown urine. However, muscle pain is nonspecific and extremely common after exercise; whereas brown urine occurs only in a fraction of patients and often subsides rapidly as the urine myoglobin level falls back to normal within hours. To confirm the diagnosis of ER; an astute physician has to check the serum CK level and perform urinalysis timely based on a suspicious history and physical examination findings.
In contrast to ER, rhabdomyolysis due to other diseases conditions is associated with a much higher incidence of acute renal failure; occurring in 30-40% of patients. 6, 7, 11 Positive predictors for the development of renal failure include peak CK level more than 6000 IU/L, dehydration (haematocrit >50, serum sodium level >150 mEq/L, orthostasis, pulmonary wedge pressure <5 mm Hg, urinary fractional excretion of sodium <1%), sepsis, hyperkalaemia or hyperphosphataemia and the presence of hypoalbuminaemia. Among these risk factors, dehydration seems to be the sole risk factor for acute renal failure in healthy athletes developing ER. Acute renal failure has occasionally developed in severely dehydrated patients with peak CK level as low as 2000 IU/L. Thus, the sole presence of sky-high levels of CK may not be adequate for the development of acute renal failure without dehydration. This is supported by a study which found that initial low creatinine has negative predictive value on the development of acute renal failure in rhabdomyolysis. 12 The mainstay of treatment of ER includes cessation of physical activities, rest and early aggressive fluid replacement. 13 However, how aggressive a patient should be treated has to rely on individual case assessment and clinical judgement. Based on our cases and other related studies, we propose that the CK level alone may not be a good indicator as to the initiation of aggressive treatment like ICU care and haemodialysis. Under the circumstances of low incidence of acute renal failure, some of the athletes presented with increased CK only might have been treated overaggressively with too much intravenous fluid and forced alkaline diuresis.
Conclusion
We presented three cases of exercise-induced rhabdomyolysis occurring in young healthy adults who had participated in the university orientation programs. All cases were presented with non-specific symptoms of muscle pain after exercise. The true occurrence of exercise-induced rhabdomyolysis is likely to be underestimated and this signifies an important health concern for those newly enrolled university students. Further epidemiological studies are necessary to find out the true incidence. Despite the alarming level of creatine kinase, none of our patients developed acute renal failure. CK level alone may not be a good predictor as to the development of acute renal failure in ER.
